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ANTIBODY FRAGMENT COMPOSITIONS AND
PROCESS

The invention described herein was made in the
course of work under a grant or award from the De-
partment of Health and Human Services.

BACKGROUND OF THE INVENTION

This invention relates to a process for making novel
antibody fragment compositions and to the composi-
tions so-produced.

Immunoglobulin polypeptide chains are composed of
linear repeating regions of homologous sequence of
about 110-120 amino acid residues in length. In a por-
tion of the chains, the sequence of the amino acids is
variable and the sequence variability is located in the
amino-terminal one quarter of the heavy chain and the
amino-terminal one half of the light chain. Presently, it
is belteved that these variable regions constitute the
antibody-combining sites and their participation in anti-
gen binding has been confirmed directly by x-ray crys-
tallography. Furthermore, x-ray studies have supported
the hypothesis that each homology region is an indepen-
dent domain that has a tightly folded structure stabi-
lized by a disulfide bond. This domain theory has been
verified further by the isolation of a fully active hapten-
binding fragment consisting of only the variable region
of the heavy chain (V) and the variable region of the
hght chain (V) from DNP-binding murine myelomas
MOPC 315 and XRPC-25 (Hochman et al, Biochemis-
try, Vol. 15, p. 2706 (1976) and Sharon et al, Biochemis-
try, Vol. 15, p. 1591 (1976)).

Immunoglobulin fragments comprising variable do-
mains have been isolated from heterogeneous IgG and
myeloma proteins for which no corresponding hapten
or antigen 1s known. It would be desirable to provide
both the Vg and Vj fragments from homogenous IgG
so that compositions could be produced therefrom that
bind specific antigens. Presently, two methods employ-
Ing enzymatic cleavage have been reported for the
production of rabbit antibody Vg, i.e., Mole et al., J.
Immunol.,, Vol. 114, p. 1442 (1975) and Rosemblatt et
al., Biochemistry, Vol. 17, p. 3877 (1978). The Vy from
a homogenous antibody also showed a partial regaining
of binding activity upon recombination with the light
chain, Rosemblatt et al., supra. Prior to the present
invention, no method has been available for producing
an active ¥V chain which can be utilized to form com-
positions having specific antigen binding activity. This
1s because rabbit IgG and k chains contain, in addition
to the intradomain disulfide bonds, an extra disulfide
bridge spanning the variable and constant domains.
Thus, these two regions in the acid cleaved light chain
rematn associated. In order to isolate the V1 from Cy,
the mterdomain disulfide bridge must be reduced and
the domain then separated.

It would be highly desirable to provide a method for
producing both the heavy variable fragment and the
light variable fragment from homogenous rabbit IgG in
order to permit production of antibody composition
having a high affinity for specific antigen. Such compo-
sitions being of lower molecular weight than the nor-
mally produced rabbit 1gG would be less immunogenic
and more rapidly distnbuted in the blood and more
rapidly excreted than the normally produced homoge-
nous rabbit IgG antibody. Furthermore, it would be
desirable to provide such variable fragments which are
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capable of regaining substantially all of their binding
activity upon being recombined with either the comple-
mentary light chain or the complementary heavy chain.

SUMMARY OF THE INVENTION

The present invention provides methods for isolating
both the heavy varniable fragment and the light variable
fragment from homologous rabbit IgG. The present
invention also provides novel compositions prepared
from the light variable fragment and/or the heavy vari-
able fragment which compositions exhibit high activity
against specific antigens. Unlike the heavy variable
fragments obtained by prior art methods, the heavy
variable fragment obtained by the process of this inven-
tion 1s capable of producing compositions which regain
substantially all of the activity of the original IgG from
which the heavy variable fragment was produced ini-
tially. The heavy variable fragment and the light vari-
able fragment produced by this invention are combined
with either the complementary heavy chain or light
chain or the original IgG or are combined with each
other to produce compositions having substantial activ-
ity against specific antigens and which are more rapidly
distributed and excreted within and from the patient
and which are far less immunogenic than the initial
antibody from which they are produced.

DESCRIPTION OF SPECIFIC EMBODIMENTS

In accordance with this invention, the light chains
and the heavy chains of homologous rabbit IgG anti-
body are treated separately in order to isolate the light
variable fragment and the heavy wvariable fragment.
Purification of the light variable fragment is based pn-
marily on the use of an affinity chromatography tech-
nique wherein an antibody for the reduced and alkyl-
ated light constant fragment of the antibody (Cy) is
bound to a chromatographic column so that a mixture
of the light vanable fragment (V) and the light con-
stant fragment become separated by virtue of the affin-
ity for the constant variable fragment by the comple-
mentary antibody bound to the chromatographic col-
umn while hght variable fragment is allowed to pass
through the column. In accordance with this invention,
homogeneous rabbit lgG antibody is obtained from
rabbit serum and purified such as by affinity chromatog-
raphy, ion exchange chromatography or the like. The
antibody 1s reduced and alkylated and the heavy and
light chains are separated from each other such as by
molecular exclusion chromatography. The separated
light chains then are subjected to acid cleavage under
mild conditions in order to maximize the vield of cleav-
age between aspartic acid at position 109 and proline at
position 110.

The light constant chain antibody is prepared by first
isolating the light constant chain of the rabbit IgG. The
hght constant chain is obtained by citra conylation of
the epsilon-amino groups of the lysyl-residue contained
in the light chain of the rabbit IgG. This reaction is
carried out at a temperature between about 20° C. and
30° C. for a time of at least about 60 minutes with citra-
conic anhydride, maleic anhydride or mixtures thereof
or the like. Thereafter, the light chains are subjected to
tryptic digestion in order to cleave the peptide bonds
carboxy-terminal to each arginyl-residue. The tryptic
peptides from the reduced and alkylated light chains
then are fractionated such as by gel filtration in order to
recover the largest peptide which comprises the light
chains constant domain. Generally, this largest peptide
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comprises the 62-211 residue. This peptide then is acid
cleaved at a pH of between about 1.5 and about 2.5 in
the presence of guanidinehydrochloride for at least
about 50 hours, preferably between about 70 and about
80 hours. The acid cleaved reaction mixture then is
subjected to column chromatography to recover the
major light constant chain peptide which includes the
110-211 residue. This residue then is freed from salt by
dialysis. It is preferred to conduct the acid cleavage
under conditions to remove simultaneously the citraco-
nyl or maleyl-groups from the peptides, namely, be-
tween about 1.5 and about 2.5 pH. The light constant
chain then is insolubilized such as by reaction thereof
with a cyanogen bromide-activated Sepharose, Sepha-
dex, Agarose or the like. Generally, attachment of the
light constant chain is effected to a pH of between about
6.5 and about 7.5 when the chain is dissolved in a suit-
able medium such as guanidine hydrochloride, urea or
lithium bromide.

Antibodies specific for rabbit light chain constant
reagent then are prepared by reducing disulfide bonds
in nonchaotropic buffers and alkylating the light chains
from pooled nonimmune rabbit Ig such as with iodoace-
tic acid or iodoacetamide. Thereafter, the reduced and
alkylated light chains are acid cleaved such as under the
acid conditions described above. The acid cleaved mix-
ture then is applied to an equilibrated chromatographic
column in order to separate cleaved from uncleaved
chains. The fractions containing cleaved variable hight
chains and cleaved constant light chains then are pooled
and freed from salt and may be lyophilized and stored
for subsequent use or can be used immediately by sus-
pending the light chains in a suitable buffer such as
sodium phosphate, sodium acetate or potassium phos-
phate at a pH of between about 4 and 6, preferably at a
pH of about 5. The light chains then are cross-linked
such as with an aldehyde such as glutaraldehyde or
formalin. The cross-linked light chains are purified such
as by dialysis and then are administered (injected) to an
animal species other than a rabbit such as sheep, mouse,
guinea pig or goat in any manner well known in the art
such as by immunizing the animal over a period of time
sufficient to permit the animal to raise the complemen-
tary antibody. This is determined by periodically col-
lecting antisera and testing the antisera for antibody
such as by the conventional ring test using the fully
reduced and alkylated nonimmune light chain as the
antigen.

Upon determination that the animal, e.g. sheep anti-
gen contains antibodies that react with the completely
reduced and alkylated light chains, the antiserum is
applied 10 the column containing the light constant
chains linked to the Sepharose or Sephadex substrate.
The antibody within the antiserum becomes linked to
the immobilized light constant chain. Thereafter, the
column is washed with eluant such as guanidine hydro-
chloride in order to dissociate the specific anti-light
constant chain from the immobilized hght constant
chain antigen. The recovered eluant rich in the anti-
body then is dialyzed and concentrated such as by per-
vaporation. Thereafter, the recovered antibody 1s im-
mobilized on a Sepharose or Agarose column in the
manner described above for the corresponding antigen
to form a specific anti-constant light chain immunoad-
sorbent.

The light variable chains are purified by affinity chro-
matography as follows: Specific acid cleaved light
chains obtained by the procedure set forth above are
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reduced in a buffer and reacted with an excess of p-
chloromercuribenzoate (PCMB). The resultant solution
is purified such as by dialysis and clanfied by centrifu-
gation. The diluted solution then is applied to the chro-
matographic column having bound thereto the anti-
light constant chain immunoadsorbent. Prior to appty-
ing the acid cleaved light chatins, the column 18 equili-
brated in a buffer such as phosphate buffered saline in a
conventional manner. The anti-light constant chains are
selectively removed from the acid cleaved light chain
solution thereby selectively retaining the anti-light var-
able chains in solution which are passed through the
column and recovered therefrom. |

The anti-light variable chains obtained by the process
of this invention alone do not exhibit antibody activity
and must be combined either with the complementary
heavy chain or with the complementary heavy vanable
chain fraction in order to reestablish anttbody activity.
Therefore, it is necessary to reoxidize the light variable
chain in a manner which does not degrade the light
variable chain peptide. The light varnable chain recov-
ered from the column first is purified such as by dialysis
and then is reduced in a non-oxidizing atmosphere such
as with dithiothreitol, 2-mercaptoethanol or the like
such as in an inert atmosphere or in nitrogen. The re-
ducing solution contains guanidine hydrochloride and
Trishydrochloride at a pH of between about 8.0 and
about 9.0 so that complete removal of p-mercuribenzo-
ate groups which are attached to the cysteinyi residues.
Alternatively, urea could be utilized rather than guani-
dine hydrochloride. In order to reestablish the in-
tradomain disulfide bridge, the protein concentration is
lowered to about 20, preferably less than about 30
ug/mL by dilution with buffer. Since the isolated light
variable chain domain contains 3 cysteine residues, al-
kylation of the cysteine remaining after reformation of a
single bridge is performed by incubation with todoace-
tic acid or iodoacetamide. Thereafter, the light chain
variable region domain can be purified such as by dialy-
sis and stored in a protecting medium such as sodium
acetate with sodium azide.

Combination of the anti-light variable chains with the
complementary heavy chains or with the complemen-
tary variable heavy chains is accomplished by mixing
said chains before or after removal of the chaotropic
agents used to dissociate the chains.

The isolation of heavy variable chains from the rabbit
1gG is based upon the use of cathepsin B which cleaves
the IgG at a specific site in the molecule. The heavy
chains are isolated following partial reduction of disui-
fide bonds followed by aminoethylation of the resulting
cysteinyl residues to give S-aminoethyl-cysteinyl resi-
dues. During reduction, a temperature of between about
25° C. and about 40° C., preferably about 37° . is main-
tained. Aminoethylation can be conducted etther subse-
quent to reduction or concomitantly therewith wherein
the aminoethylating agent is added to the IgG together
with the reducing agent such as dithiothreitol at a tem-
perature of between about —5° C. and about 3" C.,
preferably at about 0° C. The product obtained then 13
purified such as by dialysis and chromatography. The
purified aminoethylated heavy chain then is contacted
with activated cathepsin B in order to cleave the heavy
chain at the two adjacent cysteinyl residues at positions
133 and 134 on the peptide chain. The cathepsin B can
be activated in any conventional manner such as with
disodium ethylenediamine tetraacetic acid, dithiother-
tal, 2-mercatoethanal or the like and/or by heating to a
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temperature between about 25° C. and about 37° C.
Generally, the ratio of the enzyme to the substrate is
between about 5% and about 15% by weight, prefera-
bly between about 9% and about 119% by weight. Under
these conditions, substantially complete digestion oc-
curs generally within about 4 hours. The digestion
product then is purified by passing the digestion prod-
uct through a gel column. The heavy variable chain
fragment then is isolated such as by the procedure set
forth and then is applied to a reactive gel column in
order to effect a binding thereof.

The heavy variable chain fragment by itself does not
exhibit the desired antibody activity. In order to reacti-
vate the heavy variable chain, it is combined either with
the light variable chain fragment or with the light chain
of the antibody by mixing the above composition in
solution either before or after the removal of the chao-
tropic agents (guanidine or urea) in any manner well
known in the art.

The following examples illustrate the present inven-
tion and are not intended to limit the same.

EXAMPLE 1

This example illustrates the method of this invention
for 1solating homogenous rabbit antibody variable light
chains.

The following abbrewviations are used herein: Fv, Ig
fragment composed of the variable region of light chain
and the variable region of heavy chain; Vg, variable

region of Ig heavy chain; V, variable region of Ig light 30

chain; DNP, 2,4-dinitrophenyl; C;, constant region of
light chain; Pth, phenylthiohydentoin; NaDodSOy4, so-
dium dodecyl sulfate; DTT, dithiothreitol; PCMA,
p-chloromercuribenzoate; GAB buffer, guanidine-ace-
tate buffer [5 M guanidine hydrochloride (Gdn-HCI)
and 0.1 M sodium acetate, pH 5.5]; PBS, phosphate-
buffered saline (0.005 M potassium phosphate, 0.15 M
NaCl, and 0.02% NaN3, pH 7.0); S3, type Il pneumo-
coccal polysaccande.

Protein concentrations were determined by amino
acid analysis following 24 hours of hydrolysis at 110° C.
in constant-botling HC) 1n sealed evacuated tubes. Anal-
yses were performed on a Durrum D-500 amino acid
analyzer.

Automated Edman degradation was performed in a
modified Beckman 890B sequencer using a 0.1 M Quad-
rol program described by Brauer et al., Biochemistry,
Vol. 14, p. 3029 (1975). Phenylthiohydantoin (Pth)
amino acids were identified and quantified by gas-liquid
chromatography and high-pressure liquid chromatagra-
phy, Margolies et al, Fed. Proc. Fed. Am. Soc. Exp.
Biol., Vol. 38, p. 809 (1978). Thin-layer chromatogra-
phy on polyamide sheets was also used, Summers et al.,
Anal. Biochem., Vol. 533, p. 624 (1973).

Sodium dodecyl sulfate (NaDodSOgs)-polyacryla-
mide gel electrophoresis was performed according to
Swank et al, Anal. Biochem., Vol. 39, p. 467 (1971).

Light-chain allotypes were determined by Ouchter-
lony analysis or by radioimmunoassay, Gottlieb et al, J.
Immunol.,, Vol. 114, p. 51 (1975).

PREPARATION OF LIGHT CHAINS AND ACID
CLEAVAGE

The homogenecus antitype Il pneumococcal poly-
saccharide antibody 3T74 was purified by affinity chro-
matography as described previously, Ehrlich et al, Im-
munochemistry, Vol. 15, p. 937 (1978). Pooled allotype
b4 [pgG was isolated from nonimmune serum of New
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Zealand white rabbits by 10n-exchange chromatogra-
phy on columns of diethylaminoethylcellulose (DE-52
Whatman). Ig was eluted by using 0.01 M potassium
phosphate and 0.029 sodium azide (pH 7.5).

Antibody or heterogeneous IgG was reduced and
alkylated, and heavy and light chains were separated by
a modification described previously (Ehrlich et al,
1978).

Light chains were subjected to acid cleavage under
mild conditions as described by Poulsen et al, Proc.
Natl. Acad. Sci. U.S. A, Vol. 69, p. 2495 (1972). The
reaction was carried out for 96 h to maximize the vield
of cleavage between the V (1-109) and C;(110-214)

regions.

PREPARATION OF PROTECTED CLEAVED
LIGHT CHAINS

Acid-cleaved light chains (29 mg) were dialyzed
agamst 7 M Gdn-HCI and 0.5 M Tris-HCI, pH 8.2 (10
mg/mL), and then reduced for 90 min with 0.02 M
dithiothreitol (DTT) added as a solid at 37° C. under
nitrogen. To this solution was added an equal volume (3
mL)} of 7 M Gdn-HCl, 0.5 M Tris-HCI, and .05 M p-
chloromercuribenzoate (PCMB), pH 8.2. The mixture
was incubated for 1 h at 20° C. The PCMB-treated
cleaved light chains were then dialyzed against 5 M
Gdn-HC] and 0.1 M sodium acetate, pH 5.5 (GAB
buffer), for 16 h. As acid cleavage of the light chain for
96 h 1s usually 70-90% complete, cleaved and un-
cleaved light chains were separated by gel filtration on
Sephadex G-75 equilibrated in GAB buffer. (In order to
conserve material, we did not perform this step with the
homogeneous light chain from antibody 3T74).

PREPARATION OF C; PEPTIDE

Complete reduction and radioalkylation of light
chains, modification of the alkylated chains with citra-
conic anhydride, and tryptic digestion of the cir-
traconylated chains from nonimmune pooled b4 light
chains were performed according to Cannon et al., J.
Immunol.,, Vol. 112, p. 160 (1978). Tryptic peptides
from the citraconylated, fully reduced, and radioalk-
ylated light chains were fractionated by Sephadex G-75
gel filtration and freed from salt as previously described
(Cannon et al., 1978). The largest peptide obtained (resi-
dues 62-211) was acid cleaved (Poulsen et al, 1972} for
96 h and the reaction mixture apphed to a 2.5X 100 cm
colunn of Sephadex G-75 equilibrated in GAB buffer.
Fractions of 2.7 mL were collected and momitored for
absorbance at 280 nm, and radioactivity was monittored
by counting an aliquot (10 wL) in Bray’s solution. Major
peaks (including the Cy peptide 110-211) were pooled,
freed from salt by dialysis in 3500 molecular weight
cutoff tubing against 10% acetic acid, and lyophilized.
The conditions used for the acid cleavage were suffi-
cient to remove simultaneously the citraconyl groups
from the peptides.

PREPARATION OF Cg PEPTIDE-SEPHAROSE

The C; peptide (residues 110-211) (5§ mg) was dis-
solved in 0.1 M NaHCO;, 0.5 M Na(l, and 3.5 M Gdn-
HCI, pH 8.0 and reacted for 2 h at 20° C. with 2 mL of

cyanogen bromide activated Sepharose 4B.
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PREPARATION OF SHEEP ANTIBODIES
SPECIFIC FOR RABBIT LIGHT-CHAIN
CONSTANT REGION

Light chains (32 mg) from pooled nonimmune b4
rabbit Ig were completely reduced and alkylated with
iodoacetic acid as previously described (Cannon et al.,
1978). Following acid cleavage for 96 h, the mixture
was applied to a 20 mm X 125 cm Sephadex G-75 col-
umn equilibrated in 6 M urea and 1 N acetic acid 1n
order to separate cleaved from uncleaved chains
(Poulsen et al., 1972). The fractions containing cleaved
light chains (V1 +C_) were pooled and freed from salt
on a Sephadex G-10 column, 3.5 100 cm, equilibrated
in 0.03 N NH4OH. The peptide mixture was lyophilized
and stored at —20° C.

Cleaved, reduced and carboxymethylated Ilight
chains (20 mg) were suspended in 15 mL of 0.1 M so-
dium phosphate buffer, pH 7.0. To this suspension was
added 75 pL of 50% glutaraldehyde dropwise. The
suspension (1.25% in glutaraldehyde) was stirred for 1 h
at 20° C. Glutaraldehyde cross-linking of the antigen
was stopped by the addition of 4 mL of 2.5 M lysine.
The reaction mixtures was dialyzed repeatedly against
water in acetylated membranes, followed by lyophiliza-
tion.

Seventy-kilogram Shropshire sheep were immunized

intramuscularly monthly for -4 months with 5 mg of

glutaraldehyde cross-linked cleaved light chains with
complete Freund's adjuvant. Antisera collected weekly
were tested for antibody production by the ring test
using fully reduced and alkylated nonimmune b4 light
chains as the antigen.

Sheep antiserum (3-6 mL) containing antibodies re-
acting with completely reduced and alkylated b4 light
chains were applied to the C. peptide-Sepharose im-
munoadsorbent column described above in order to
isolate a fraction specific for the reduced and alkylated
constant region. After being washed with PBS, the
column was eluted successively with 2 M Gdn-HCl (12
mL) and then with 5 M Gdn-HCl (8 mL).

PREPARATION OF SHEEP ANTIRABBIT Cp
IMMUNOADSORBENT

The fraction eluted with § M Gdn-HCl was diluted to
a protein concrentration of <0.5 mg/mlL and dialyzed
overnight against 0.1 M NaHCOj; and 0.5 M NaCl, pH
8.0, at 4° C. Precipitate was removed by centrifugation.
The soluble antibodies {16 mg) were then reacted with
5 mL of CNBr-activated Sepharose 4B to make the
specific anti-Cy (110-211) immunoadsorbent.

PURIFICATION OF Vo

Acid-cleaved PCMB-treated light chians were di-
luted with GAB buffer until the protein concentration
was less than 0.1 mg/mL. This was followed by dialysis
against 6 L of PBS at 4° C. for 16 h. Preliminary dilution
of the chains was necessary prior to dialysis since the
PCMB-treated cleaved light chains were poorly soluble
in PBS. Following dialysis, the small amount of precipi-
tate which did appear was removed by centrifugation.

The acid-cleaved PCMB light chains (1-1.5 mg, 0.08
mg/mL) were applied to the sheep antirabbit € pep-
tide immunoadsorbent (4 mL) at 4° C. which had been
equilibrated in PBS. The column was eluted first with
PBS until no further absorbance at 280 nm could be
detected. The column was then washed with GAB
buffer (20 mL) to remove bound protein. Thereafter,
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the column was reequilibrated with PBS (10 mL). The
protein fraction which had been eluted with Gda-HCI
was dialyzed extensively against distilled water and
lyophilized prior to amino acid analysis and automated
Edman degradation, as was an aliquot of the unbound
fraction. The remainder of the unbound fraction (V)
was used for activity measurements.

REOXIDATION OF V.

The unbound fraction of cleaved PCMB light chains
from the sheep antirabbit C; immunoadsorbent was
dialyzed against 7 M Gdn-HCI and 0.5 M Tns-HC], pH
8.2, for 16 h. The protein was reduced with 0.20 M
DTT for 90 min at 37° C. under nitrogen. Thereafter, a
solution containing 7 M Gdn-HCI, 0.5 M Tris-HCI, and
0.1 M mercaptoethanol was added to lower the protein
concentration to less than 30 ug/mlL., 1f necessary. The
peptides were then dialyzed against 0.1 M Tris-HCI and
0.1 M mercaptoethanol, pH 8.0, at 20° C. without stir-
ring for 6.5 h. The dialysis bag was transferred 1o a large
volume (6 ) of 0.1 M Tris-acetate and 2 mM mercapto-
ethanol at 5° C. (pH 7.8 measured at room temperature)
and dialyzed with stirring for 48 h with one change of
dialysate. Since the isolated V; domain contains three
cysteine residues, alkylation of the cysteine remaining
after re-formation of the intradomain disulfide bnidge
was performed. The peptide was removed from the
dialysis bag and incubated with 2.4 mM iodoacetarmde
for 20 min at 0° C. After dialysis overnight against 0.0]
M sodium acetate, pH 5.5, at 5° C., the peptide was
concentrated with Aquacide (Calbiochem) to 8 ug/mlL

and again dialyzed against 0.01 M sodium acetate and
0.02% sodium azide, pH 5.5, and stored at —20° C.

ASSAY OF RECOMBINED ANTIBODY
FRAGMENTS FOR BINDING ACTIVITY

The radiobinding assay for type lIl pneumococcal
polysaccharide (S3) antibodies was analogous to the
assay described by Chen et al., J. Immunol.,, Vol. 17, p.
807 (1976) and has been detailed previously (Ehrlich et
al, 1978). The activity of 3T74 light chains or putative
3T74 V; was assayed by adding increasing amounts in
0.01 M sodium acetate, pH 5.5, and 0.02% sodium azide
to a constant amount of 3T74 heavy chain in the same
buffer. The recombined antibody or antibody fragments
were added to 125]-S3-soybean trypsin inhibitor (Ehr-
lich et al., 1978). The antigen-antibody complex was
precipitated in the presence of carrier nonimmune rab-
bit IgG by goat antirabbit IgG antiserum. The maxi-
mum percent binding of the 12°1-83-soybean trypsin
inhibitor was 50-65% depending on the antigen prepa-
ration.

RESULTS

ISOLATION OF C; PEPTIDE (110-211) FROM
NONIMMUNE RABBIT LIGHT CHAINS

Forty milligrams of fully reduced and alkyiated,
pooled nonimmune b4 light chains was citraconylated
and subjected to tryptic digestion. The digest was frac-
tionated by Sephadex G-75 gel filtration. The profile
obtained was similar to that previously reported (Can-
non et al., 1978). As the rabbit « b4 light chain contains
only one invanant arginine residue in the C region at
position 211 and one invartant arginine at position 61 in
the variable region, a large fragment including residues
62-211 may be isolated from this digest.
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The structure of rabbit antibody b4 x light chains 1s
shown in FIG. 1 demonstrating the Vi intradomain
disulfide bridge (23-88), the C. intradomain disulfide
bridge (134-194), and the interdomain disulfide bridge
(80-171). The light chain may be cleaved under miid
acidic conditions between aspartic acid at position 109
and proline at position 110. Invariant arginines are lo-
cated at position 61 in the V1 and at position 211 in the
C:. Following full reduction and alkylation, the ci-
traconylated chains were digested with trypsin. The
largest arginine peptide obtained spans residues 62-211.
This peptide may be further cleaved in the switch re-
gion under mild acidic conditions to yield a peptide
(110-211) including most of the constant region. Addi-
tional arginine residues located amino-terminal to posi-
tion 61 in heterogeneous nonimmune light chains re-
sulted in smaller fragments that did not interfere with
purification of the 62-211 peptide, which was obtained
in 64% vyield. In order to be certain that the peptide

including residues 62-211 had not undergone internal 20

tryptic digestion on account of premature removal of
citracony! groups (Cannon et al., 1978), manual Edman
degradation was carried out for three cycles-on 31 nmol
of peptide. A single sequence, Phe-Thr-Gly, was ob-
tained. The yield of Pth-phenylalanine in the first cycle
was 28 nmol. This sequence is identical with that begin-
ning at position 62 in pooled b4 light chains and light
chains from homogeneous antibodies. The remainder of
the sample (30 mg) was subjected to mild acidic condi-
tions known to cleave between residue 109, aspartic
acid, and 110, proline (see FIGS. 1 and 2). The results of
isolated of C; peptide (110-211) from nommmune
pooled b4 light chains are shown in FIG. 2. Light
chains were fully reduced, alkylated, citraconylated,
and digested with trypsin. The peptide spanning resi-
dues 62-211 was purified by gel filtration on Sephadex
(G-75 and cleaved in acid (see F1G. 1). The acid-cleaved
62-211 peptide was then applied to a 2.5 100 cm col-
umn of Sephadex G-75 equilibrated in GAB buffer.

Fractions contained in peak B were pooled and con-

tained the Cy peptide (100-211).

The cleaved peptide was applied to a Sephadex G-75
column. The results of gel filtration are shown in F1G.
2 and are consistent with cleavage of the 62-211 peptide
between residues 109 and 110. The major peak (B) was
freed from salt and lyophilized. Amino acid analysis on
an aliquot of this peptid is shown in Table ], where 1t 1s
compared to the composition of the 110-211 peptide
based on the known sequence. An aliguot (150 nmol) of
the peptide from pool B was subjected to automated
Edman degradation, revealing the following sequence:
Pro-Val-Ala-Pro-Thr-Val-Leu-lle-Phe-Pro. The yield
of pth-valine at cycle 2 was 110 nmol. The only evi-
dence for contaminating sequences was that for the
62-211 peptide (Phe-Thr-Gly . . . ), which was revealed
by 6.5 nmol of Pth-phenylalanine at cycie 1. Thus, the
110-211 C, peptide was contaminated with ~6% of a
peptide containing a portion of the variable region. The
yield of the C; peptide (100-211) following acid cleav-
age of the 62-211 peptide was 70%. Pools A and C
(FIG. 2) correspond to the uncleaved 62-211 peptide

and a peptide comprising residues 62-109, respectively,

and were not examined further.
TABLE I

"AMINQ ACID ANALYSIS OF C; PEPTIDE 110-211
Residues Expected? Found®
Cysf 3 3.1
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TABLE I-continued
AMINO ACID ANALYSIS OF C; PEPTIDE 110-21]

Residues Expected? Found®
Asp 11 10.5
Thr 19 17.2
Ser 8 1.9
Glu 9 9.5
Pro 6 5.8
Gly 4 5.6
Ala 6 64
Val 12 1.6
Ile 3 2.9
Leu 4 4.1
Tyr 4 41
Phe R 3.2
His ] 1.1
Lys 4 4.2
Arg 1 0.9
Total 98 98. 1

“Composition of bé4 constant region from known sequence
bAverage of four 24-h hydrolyses. Values are not corrected for hydrolytic iosses.
‘Determined as S—(carboxymethyl)cysieine.

PREPARATION OF SHEEP ANTIRABBIT C;
IMMUNOADSORBENT

The purified C; peptide (110-211) (3 mg) was cou-
pled to CNBr-activated Sepharose. Sheep anticleaved
b4 light chain antiserum (3-6 mL) was applied to this
C! peptide immunoadsorbent. Sheep antibodies specific
for the C peptide (110-211) were eluted from the col-
umn with 5 M Gdn-HCl after a preliminary 2 M Gdn-
HCI wash. The eluted antibodies (16 mg from three

‘separate preparations) were dialyzed against 0.1 M so-

dium bicarboate and 0.5 M sodium chlonde, pH 8.0, at
4° C. and coupled to 5 mL of CNBr-activated Se-
pharose to make the sheep antirabbit Cz immunoadsorb-
ent. The latter immunoadsorbent was used to purify V¢
from PCMB-protected cleaved light chains.

ISOLATION AND CHARACTERIZATION OF V;
FROM NONIMMUNE POOLED LIGHT CHAINS

Nonimmune b4 pooled light chains (29 mg) were acid
cleaved and fully reduced, and the cysteine residues
were protected with PCMB. Uncleaved light chains
were separated from the cleaved light chains by gel
filtration on Sephadex G-75. NaDodSOs-polyacryla-
mide gel analysis of the isolated cleaved light chains
demonstrates that all the peptides in that fraction have a
molecular weight of ~ 12000, corresponding to the
expected size for an isolated V and/or Cz domain.

An aliquot of the cleaved light chains was subjected

to sequence analysis. The sequence was compared to

that of the same preparation of light chains prior to
modification by acid cleavage (Table II). The amno
acid sequence heterogeneity of pooled nonimmune rab-
bit light chains has been previously characterized and
includes not only multiple amino acid substtutions but
three different amino-terminal chain lengths. Following
acid cleavage, the amino acid sequence found resembles
that of unmodified light chains except for an additional
residue identified at cycles 1, 3, 4, 6 and 7, consistent
with the known b4 constant region amino acid sequence
beginning at position 110 (Pro-Val-Ala-Pro-Thr-Val-
Leu. .. ). (The amino acid substitutions at cycles 2 and
5, valine and threonine, respectively, are shared by both
Vi and Cg sequences). The sum of Pth amino acids
ascribable to the Vi at each position is approximately
equal to the amount of Pth amino acids arising from the
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C; and is consistent with acid cleavage resulting in an
equimolar mixture of V; and (.

Following separation from the uncleaved light
chains, the PCMB acid-cleaved light chains (1-1.5 mg)
were applied to the sheep antirabbit C; immunoadsorb-
ent. The elution profile is shown in FIG. 3. FIG. 3
shows the isolation of V by affinity chromatography
on the sheep antirabbit C; peptide column. Acid-
cleaved, fully reduced, and PCMB-treated heteroge-
neous b4 light chains were separated from uncleaved
light chains by gel filtration on Sephadex G-75 and
applied in PBS to a 4-mL column of sheep antirabbit
C; antibodies coupled to Sepharose 4B. The column
was then washed with PBS, and the bound fraction (B}
was eluted with GAB. The unbound fraction (A) was
reapplied to the immunoadsorbent, and the washes
were repeated. Fraction C contained pure Vg, while
fraction B contained a mixture of V7 and C; (see Table
I1). |

As preliminary experiments demonstrated that a sig-
nificant amount of residual Cp (15%) remamned un-
bound, the fallthrough fraction was reapplied to the
column a second time. The results of sequence analysis
of the fraction of acid-cleaved light chain that did not
bind to the immunoadsorbent after a second passage are
shown in Table II. The pattern of Pth amino acids ob-
tained at each cycle resembles that of the unmodified,
uncleaved light chains. Pth amino acids arising from the
constant region were not identified in this fraction. In
this experiment, the lower limit of detection for the
stable aliphatic Pth amino acids was 0.1 nmol.

However, sequence analysis of the fraction which
bound to the immunoadsorbent (Table II) indicated
that, in addition to the constant region sequence, Pth
amino acids arising from Vg were also present. Thus,
the unbound fraction consisted of pure Vi while the
bound fraction contained a mixture of Vg and C;.

TABLE 1]
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ble, the method was then applied to the anuibody 3174
In this experiment a preliminary separation of cleaved
and uncleaved light chains by gel filtration was not
done. Thus, it was expected that the fraction beund to
the immunoadsorbent would contain not only Cy but
also uncleaved light chains since the immunoadsorbent
is expected to be specific for the sequence between
residues 110 and 211. In FIG. 3B bound fractions are
shown. In the unbound fraction obtained by NaDod-
SQg4-polyacrylamide gel patterns, there was a major
band at ~ 12000 daltons. A band corresponding tc a
molecular size of uncleaved light chain was not found 1n
this fraction, suggesting that all the uncleaved light
chain remained bound to the immunoadsorbent. The gel
pattern of the fraction remaining bound to the column
showed, indeed, major bands at molecular weights cor-
responding to 12000 for the V1 and/or Cr and to 25000
for the intact uncleaved light chain. In both gels from
bound and unbound fractions, a minor band was found
with a molecular weight of 18000. This suggests that
there was a minor degree of acid cleavage at a position
other than that in the switch region between residues
109 and 110.

In Table 111, the results of amino acid sequence analy-
sis of both the bound and unbound fractions from the
immunoadsorbent using cleaved 3T74 light chain are
summarized. The amino acid sequence of the unbound
fraction was identical with the known 3T74 amino-ter-
minal light-chain sequence. On the basis of the amounts
of Pth-alanine, -valine, and -leucine detected at cycles 3,
6 and 7, respectively, the unbound fraction contained
90% V. The amino acid sequence of the bound frac-
tion on the other hand contains a mixture of Vy and Cy.
This was not unexpected, as in this experiment, in con-
trast to that using nonimmune pooled light chains, the
cleaved and uncleaved light chains were not separated
prior to affinity chromatography. Uncleaved hght

M

Sequenator Analyses of Pooled Nonimmune b4 Light-Chain Fractions

Pth Amino Acids Recovered at Each Cycle?

i 2 3 4 5 6 7
Unmodified light chains Ala(15.8) Valk13.9) Val(14.3) Met(10.6) Gin(7.6) Gin(7.4) Thr(5.4)
Asp(3.7) Tyr(B.7) Lew(5.6) Val(6.7) Met(5.4) Thr(3.7}) Gin
Val(3.3) Asp(4.1) Met(1.3) Thr(2.2) Thr(4.7)
Leu(1.9)
Acid-cleaved® light chains Ala(11.6) Va}(23.0) Val(7.6) Mei(5.7) Thr(6.0) Gin(6.7) Thr(1.1}
Asp(9.7) Tyr(4.6) Leu(34) Val(33) Gin(3.0) Thr(l.6) Gin
Val(1.9) Asp(7.0) Thr(41l) Met(l.7)
Leu(l.1) Gly(1.3)
Pro(2.9) Ala(14.1) Pro{8.1) Val(14.8) Leu(14.4)
Fraction of acid-cleaved hight Ala(6.4) Val(3.4) Val(1.9) Met(3.6) Met(24) Thr(2.6) Thr(2.9)
chains not bound to anti-Cj Asp(l.]) Trp(3.6) Leu(l5) Val(1.7) Gin(l1.0)
peptide immunoadsorbent Val(1.1) Asp(l.2) : Thr{1.0) Thr(1.0)
Fraction of acid-cleaved hght Ala(7.2)  Val(21.7) Val(4.6) Met(2.8) Thr(6.9) Gin(1.7)
chains binding to immuno- Asp(1.7) Asp(21.7) Lew(25) Val20) Meul.1) |
adsorbent Val(l1.6) Met(1.7} Thr{l.1)
Pro(3.6) Ala(12.9) Pro(l.2) Val(10.5) Leu(10.8)
Expected C; sequence’ Pro Val Ala Pro Thr Val Leu

M

Yields (nmol) of Pth amino acids based on gas-hiquid chromatography and LC are given in parentheses. Amounts less than 1 nmol arc

ommited, except for the unbound {raction.
YFoliowing cleavage at the aspartyl-109-prolyl-110 peptkie bond

under mild acid conditions, fight chains were fully reduced and

cysteine residues were reacted with p-chloromercuribenzoate. Cleaved light chains (V; + C;)} were separated from uncleaved hight
chains by gel filtration on Sephadex G-75; an ahquot of the cleaved light chains was subjecied to Edman degradation.

‘Sequence of the rabbit « allotype b4 light chains beginning at position 110 was reported previously.

ISOLATION AND CHARACTERIZATIONOF V.

FROM THE HOMOGENEQOUS ANTIBODY 3T74.

As the purification of V by affinity chromatography
from pooled nonimmune light chains was proven feas-

chains as well as C; thus bind to the immunoadsorbent.
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TABLE III
Sequenator Analyses of Antibody 3T74 Light-Chain Fragments®
Pith Amino Acids Recovered at Each Cy_@eﬁ
| 2 3 4 5 6 7

Not bound to ant-C; peptide Ala(9.5) Val(74} Leu(7.0) Thr(4.5) Gin Thr(2.2) Pro(1.0)
immunoadsorbent Ala{0.7) Val{0.3) Leu(0.2)
Bound to anti-Cy peplide immuno-  Pro{l.}) Val(6.8) Ala(3.6) Pro(1.9) Thr(l.8) Val(3.0) Leuw2.6)
adsorbent Ala(2 b) Leu(2.5) Thr

Known sequence® for Cyz (110-) Pro Val Ala Pro Thr Val Leu
Known V sequence of 3T74 light
“chain¥ Ala Val Leu Thr Gin Thr Pro

"Following cleavage at the aspartyl- 109-prolyi-110 peptide bond under mild acid conditions, 3T74 light chain was fully reduced and cysteine
residues were reacied with p-chioromercunbenzoate. The mixture was applied to a Sepharose immunoadsorbent conlaining sheep antibodies

rendered specific for a rabbit x lighi-chain constant-region peptide (residues 110-211).
bYields (nmol) of Pth amino acids as determined by gas-liquid chromatography are given in pareniheses.

‘N-terminal ammo acid sequence of the rabbit x b4 allotype light chain beginning at position 110 was previously reported.
4Amino-terminal sequence of the antiype 11 pneumococcal antibody 3T74 light chain has beer previously reported.

RECOMBINATION OF V; AND HEAVY CHAIN
TO PRODUCE AN ACIVE ANTIBODY
FRAGMENT

The PCMB-protected V; from antibody 3T74 which
had been 1solated by using the sheep antirabbit C; pep-
tide immunoadsorbent was treated with dithiothreitol
and the intradomain disulfide bridge re-formed. The
reoxidized V; was then recombined with heavy chain
and assayed for binding capacity to type Il pneumo-
coccal potysaccharide.

FIG. 4 shows double-antibody radioimmunoassay for
binding to type Il pneumococcal polysaccharide. In-
creasing amounts of V; or whole light chains of the
homogeneous antibody 3T74 were recombined with 32
pmol of 3T74 heavy chain in 0.01 M sodium acetate and
0.02% NaN3, pH 5.5, for 30 min. at 20° C. The recombi-
nants were incubated with [!123I]-S3-soybean trypsin
inhibitor for 20 min at 20° C. Following addition of 50
pg of normal rabbit Ig, goat antirabbit Ig was added and
the precipitate and supernatant were counted. In this
assay, the maximum binding for native 3T74 antibody
was 30%. Intact heavy chain (32 pmol) or V£ (95 pmol)
alone bound less than 10%.

In FIG. 4, a comparison of the antigen-binding activ-
ity of the Vy-heavy-chain recombinant and the recom-
binant between heavy chain and unmodified 3T74 light
chain is shown. The 3T74 V and light chain increase
the antigen binding by the same amount. In this experi-
ment, the degree of binding due to the V; peptide alone
or the heavy chain alone was < 10%. The recovery of
V1 1n the course of reoxidation and reconstitution was
29%. |

The results demonstrate that, first, immunoglobulin
domains differ enough from one another to be separated
even in a denatured state by affinity chromatography
using antibodies directed against one of the domains.
This differs from prior methods which depended on
selective enzymatic degradation of domains that were
not desired. Second, it is of particular interest that the
antigen-binding capacity of the V; domain when re-
combined with heavy chain is equivalent to that of
intact light chain. Third, an immunoglobulin domain
appears to have all the necessary information within its
primary sequence to refold to the correct tertiary struc-
ture from the completely denatured state.

EXAMPLE 1]

This example 1llustrates that heavy variable chain of
rabbit Ig(G antibody can be produced by selective en-
zyme cleavage and that the heavy vanable chain so-
obtained can be recombined with the hight chain or
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rabbit IgG antibody to reestablish the initial antibody
activity.

Protein concentrations were determined by amino
acid analysis following 24 h hydrolysis at 110° in con-
stant HC] in sealed evacuated tubes. Analyses were
performed on a Durrum D-500 amino acid analyzer.

Iodination of proteins was performed according to
Marchalonis, Biochem. J., Vol. 113, p. 299 (1969).

Automated Edman degradation was performed in a
Beckman 890C sequencer using a 0.1 M Quadrol pro-
gram described previously (Brauer et al., Biochemistry,
Vol. 14, p. 3029 (1975). Phenylthiohydantoin (PTH)
amino acids were identified and quantified by gas-liquid
chromatography and high pressure liquid chromatogra-
phy (Margolies et al, J. Chromatog., Vol. 148, p. 429
(1978). Thin-layer chromatography on polyamide
sheets was also used. Criterta for PTH-amino acid iden-
tification and quantitation have been reported by Stei-
ner et al, Biochemistry, Vol. 18, p. 4068 (1979).

Sodium dodecyl sulfate (SDS) polvacrylamide gel
(12.5%) electrophorests in 6 M urea was performed
according to Swank et al., Anal. Biochem., Vol. 29, p.
462 (1971).

Digestion with pyroglutamate aminopeptidase
(PCAase) was performed according to Podell et al.,
Biochem. Biophys. Res. Comm., Vol. 81, p. 176 (1978).

PREPARATION OF HEAVY CHAINS

The homogeneous antitype 11l pneumococcal poly-
saccharide (S3) antibody 3T74 was purified by affimity
chromatography as described by Ehrlich et al., Immu-
nochemistry, Vol. 15, p. 937 (1978). Pooled allotype al.
IgG was isolated from nonimmune serum of New
Zealand white rabbits by 1on-exchange chromatogra-
phy on columns of diethyaminoethyl cellulose (DE-52
Whatman). Ig was eluted using 0.01 M potassium phos-
phate, 0.02% sodium azide (pH 7.5).

Disulfide bonds of antibody of heterogeneous IgG
were reduced by mcubation at 37° C. for 90 min in 0.5
M Tris-HCI, 0.02 M dithiothreitol (DTT), pH 8.2 and
then aminoethylated for 30 min at 20° with ethylenimine
which was added in three aliquots until there was a
five-fold molar excess over DTT. IgG was then dia-
yzed at least 4 h against 1 M acetic acid and then 18 h
against 5 M guanidine-HCI, 0.1 M sodium acetate, pH
5.5. Heavy and light chains were then separated on a
Sephadex G-100 column (2.5 99 cm) equilibrated in 3
M guanidine-HCI, 0.1 M sodium acetate, pH $§.5.
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DIGESTION OF AMINOETHYLATED-HEAVY
CHAIN AND PURIFICATION of Vg

Cathepsin B was punfied 10 homogeneity from bo-
vine liver by the process of Husain. Proteolysis and
Phvsiological Reguiation, Miami Winter Symposium,
Vol. 11, p. 397, Academe Press. New York (1976} and
stored at 5° in 0.02 M sodium acetate, 0.1 M sodium
chloride, 0.5 mM mercunc chionde. pH 4.5.

Aminoethvlated-heavy chain. afier separation from
hight chain. was dialyzed 18 h at 5° against 0.01 M so-
dium acetate. pH 5.5. Cathepsin B (1.2 mg/ml} was

activated by diluting the enzyme into ten volumes of

0.01 M sodium acetate pH 5.5. 0.6 mM DTT. 1.2 mM
disodium ethvlenediaminetetraacetic acid and heating
for 5 min at 30°, Activated cathepsin was then added to
the heavy chain solution (0.3-2 mg/ml} (enzymesub-
strate ratio 1:150 by weight) and digestion proceeded
1.5 h. In analvtical experimenis aliquots of the digestion
mixture were removed at various times. After SDS
added 19 to each aliquot the digest samples were dia-
lvzed against SDS polvacrylamide gel sampie buffer in
preparation for subsequent electrophoresis. In prepara-
tive experiments. the Cathepsin B digestion was stopped
after 3.5 h by addition of 0.5 mM 1odoacetic acid. and
incubation at room temperature was continued for 15
min. The digestion mixture was then dialyzed for 18 h at
room temperature agatnst 5 M guanidine-HCL 0.1 M
sodium acetate, pH 5.5. Gel filtration on an Ulirogel
AcCA 54 column (2.4 » 90 cm) equilibrated in 3 M guam-
dine-HCI 0.1 M sodium acetate, pH 5.5, was then per-
formed. Fractions containing peptides which were 1o be
sequenced were dialvzed exhaustively against water
and lvophilized.

ASSAY OF RECOMBINED ANTIBODY
FRAGMENTS FOR S3 BINDING ACTIVITY

Goat anti-rabbit light chain antibody was 1solated
from goat anti-rabbit IgG anti-serum by affinity chro-
matographv on a rabbit IgG light chain-Sepharose col-
umn. Light chains (7 mg) pooled heterogeneous rabbit
[gG. tsolated according to Ehrlich et al., 1978, supra.
were reacted with 13 ml CNBr-activated Sepharose by
incubationfor 3hat 20°m 0.1 M NaHCO:, 0.5 M NaCl.
Goat anti-rabbit [gG serum was applied 10 2 6.5 m]
column of the light chain-Sepharose equilibrated In
phosphate buffered saline (PBS). The column was
washed extensively with PBS and PBS plus 3 M Na(l
until the absorbance at 280 nm was less than 0.07. The
anti-light chain antibodies were then eluted with 3 M
NH;SCXN in PBS. Fractions containing eluted antibody
were pocled and dialvzed against PBS for 18 h followed
by dialvsis against 0.1 M potassium phosphate. pH 6.5
for 4 h. The anti-light chain antibody (0.5-1.5 mg/mi)
was then reacted wit hvdroxvsuccinimide activated
Sepharose (HAS-Sepharose} (25-40 mg antibody per
gram HAS-Sepharose) according to Gottleib et al.. 1
Immunol., Vol. 114, p. 51 (1973}

The radiobinding assav for anti-S3 antibodies was
analogous to the assay described by Ehrlich et al. (1978
supra. The activity of heavy chains or putative Vy from
homogeneous anti-53 antibody 3174 was assayed by

mixing the chains with a two to three-fold excess of

light chains in a final concentration of 4 M guanidine
HC!. 0.1 M sodium acetate. pH 5.5 The protein was
then dialvzed against 0.01 M sodium acetate. 0.02%
sodium azide, pH 5.5, for 18 h at 5°, The recombined
antibody or antibody fragments (50 ul) were added to

ﬁ

-

10

Ll
th

40

45

62

16

1231 sovbean trypsin inhibitor-S3 conjugate ¢ 0005 M
potassium phosphate, G.15 M sodium chioride. pH 7.0
(PBS) (100 wl) and incubated at 20° C. for 20 min. A
suspension of goat antirabbit light chain-Sepharose was
then added (50 ul} and the mixture was kept in suspen-
sion by placing the assay tube on a rotating platform.
This incubation continued for 4 h at 207 with one resus-
pension of the Sepharose after 2 h. The mixture was
centrifuged for 1.5 min at 12,000~ g at 20" after an
incubation of five min at 5°, One hundred ul of superna-
tant was removed and the supernatant and Sepharose
including residual supernatant were counted. The per-
cent of antigen bound was expressed as cpm in Se-
pharose fraction minus cpm in supernatant divided by
their sum and multphed by 100. The background was

less than 59%. and the maximum binding varied trom
S0-65¢%.

DETERMINATION OF ALLOTYPE

The al allotvic determinants of Vi were doiermuined
using a radicimmunoassay analogous to that reported
by Gottleib et al (1975) supra. Samples to be assaved for
allotype (0.25 1o 1.25 mg/ml; were dialvzed 17 h at 4°
against 0.01 M sodium acetate. 0.0% sodium ande, pH
5.5, Senal dilutions were made 1n 0.01 M sodium ace-
tate. 0.02¢¢ soditum azide. 0.1 mg/ml bovine serum albu-
min, pH 5.5 The V' g, heavy chain, or IgG dilutions {125
1) were added 1o 12°1-1gG (allotvpe al} {25 ui) in PBS
contaming 1 mg/ml bovine serum albumin. Anti-al
HAS-Sepharose (50 ply (which had been determined
previouslv to bind 60% of the 1-°1-1gG) in PBS was
added and the tube vigorously stirred. The Sepharose
was kept in suspension by rotation for 4 h at 20°, The
assav tube was then incubated for 10 min ar 4" and
centrifuged at 12,000 - g for 1 min. After one-half of the
supernatant (100 il) was removed the percipitate and
supernatant were counted 1n a gamma counter for |
min. The results are expressed as percent cpm bound
which is equal to cpm 1n Sepharose fraction minus cpm
in supernatant divided by their sum: the range of bind-
Ing was 0% to 62¢%¢.

The data presented in FI1GS. § through 8 was ob-
tained as follows:

FIG. §. Isolanon of Vg from pooled heterogeneous
rabbit aminoethviated IgG heavy cham which had been
digested with Cathepsin B. Aminoethylated heavy
chain (73 mg) was digested with 1.46 mg Cathepsin B
for 3.5 h at 20° in 0.01 M sodium acetate. pH 3.5 After
stopping the reaction with 1odoacetic acid. the digest
was dialvzed against 3 M guanidine HCI. 0.1 M sodium
acetate, pH 5.5. The protein was then chromatographed
on an AcA 54 column (2.6 cm ~ 90 cm) equilthrated 1y 3
M guanidine-HCl, 0.1 M sodium acetate, pH 5.5 Frac-
uons were 3.9 mi.

FIG. 6. Inhibitton of anti-al allotypic anubodies.
Varving amounts of IgG. heavy chain. and Vgin 125 ui
of 0.01 M sodium acetate, 0.02% sodium azide. pH 3.3
were added to 12°1-fgG (25 ul in PBS). HAS-anti-al (50
ul, suspension in PBS), in an amount which could bind
60% of the 1-°1-IgG. was added and the assay tube
rotated at 20" for 4 h. After centnifugation. 100 ul was
removed and the Sepharose and supernatant fractions
were counted. Binding of less than 60 indicates inhubi-
tion of the reaction between Ig(s and the anti-ailotypic
antibodies. Each point 1s an average of a duplicate as-
53y



4,355,023

17

FIG. 7. Double antibody radioimmuno assay for
binding to type IIl pneumococcal polysaccharide 3T74
V(252 pmol) and 3T74 light chain (567 pmol) or 3T74
heavy chain (177 pmol) and 3T 74 light chain (567 pmol)
were dialvzed against 0.01 M sodium acetate. 0.029%
sodium azide, pH 5.5 for 18 h at 5°. Sernia! dilutions (S0
ul) were added to 100 ul 12°1-.S3.SBTI in PBS. After a
20 man incubation at 20°, anti-rabbit ight chain HAS (50
ul in PBS) was added and the assay tubes rotated for 4
h at 20°, After centrifugation, 100 ul were removed and
the Sepharose and supernatant counted. Each point is
an average of a duplicate assay. Filled circles, Vg-light
chain recombinant; open circles, heavy-light chain re-
combinant: triangles, light chain alone.

FIG. 8. Structure of parually reduced and aminoe-
thylated rabbit heavy chain and the fragments were are
produced by digestion with Cathepsin B. Numbering 1s
by homology with the human protein DAW IgGil, Press
et al., Biochem. J,, Vol. 117, p. 641 (1970}. Arrangement

of disulfide bonds is according to O’Donnell et al., Bio- 20

chem. J., Vol. 116, pp 261-268 (1970).
CATHEPSIN B DIGESTION AND ISOLATION
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quences were found, two of which were identical to
those found i1n the analytical experiment. As shown in
Table 1V, a few minor sequences were also seen. in
addition to the three major amino-terminal sequences
beginning at residues 135, 184, 345. When the pepude in
peak III was treated with PCAase, the amino-terminal
sequence of the heavy chain starting at residue 2 was
revealed. This was consistent with the removal of the
amino-terminal pvroglutamic acid residue at position 1
by the action of PCAase. In the same sequence analysis,
two amino acids, Valine and Leucine were found at
residue 3, but this microheterogeneity is characternistic
of pooled rabbit heavy chains. The peptide in peak IV
also possessed the characteristic heavy chain amino-ter-
minal sequence following treatment with PCAase.
However, the major sequence in Peak I'V corresponded
to the heavy chain sequence which starts at residue 330

A molecular weight range of 12,000 to 15.000 was
obtained for the peptide in peak I11. The peptide in peak
11 was assigned as Vi (1-136) on the basis of the molec-
ular weight and the amino-terminal sequence as shown

in Table IV. The vield of this putative Vg was 13¢%

starting from the aminoethyvlated-heavy chain.

Amino Acid Sequence of Pepideis) Isolated from

Cathepsin B Dhigesis of Aminoethviated Pocled Rabbit I2G

Y:elds of PTH-Amino Acd®

fraction ! 2 3 3 s
pool | (1LY S {29 S (2.5 V(793 V(7.5
G (6.4) D71 T {2.5) P30y S (1.9
V (5.9) Qrl.4)
o) 11 & S 52 S04y Vilg3dr Vs
Di{lléy T 50) P55 S (4
VT A Q3 E(1.3) Fl.1}
pood 1€ (245 VI EO¥S  E (189 S§i20.0)
L{i0.%
L (3.§) F (3.1)
poo; JV4 M{IZH G(7.2 P24 P (2.4}
L {55 Di4$ T (1.6 V(2T E (1.8
G 4.0 Y (1.3}
Y ird4)

Position of
Assigned
_ Sequence wn
6 7 E 9 10 H Cham
S{i16) VT T2 S {30y S 1308 184 —
1 T (3.9) V(8T T 2.3 L (5.6; 13% —
AT}.0 unassigned
Pl
5169 V(132 T30y 8§85 $13.0 B4 —
(S) T ¢33 V(9.0 T {46 Ev7.8) 13§ —
Q{1.Dy L i64) Kif5 P03 unassigned
G114y G ik Ric4H L iiRé) 2
unassigned
E (8% E (5.0) L (8.6 Si45) Sif5. 38 —
(1.3) L% Y (1.0) unassigned
T(1.1

Yield v namol! of PTH-amuinc acids calcuisted from high pressure Ligud chromatograpby snd -or gas-hguid chromatography

*The Srachon was jost

Pool Il was soquenced afier digeston with PCAase. [n sddition 1o the PTH-xmmmo acuds listed. at several posinons mupor PTH-amine acuds less then 10%% of the major
sequence were detected. Pooled heterogenous rabbit H chuun. allotype 2 has e amine acid alternatrves at positon 4 (ovele ),
"rSequm analyes on this frachon was repeated fobowmng Jipestnon with PCAsse Az sddmionil sequence was detected Correspincmg 1o Vy bepnring o residue 2

OF Vg FROM POOLED HEAVY CHAINS

In a senes of analytical experiments, SDS urea gel
electrophoresis tndicated that a 2 to 4 digestion with
Cathepsin B produced fragments which corresponded
to the size of Vg In addition to a small amount of heavy
chain, at least five low molecular weight fragments
were observed. Clearly, the Cathepsin B digestion was
not restricted to the 134-135 peptide bond as antici-
nated. This was confirmed by a sequenator analysis of a
30 min Cathepsin B digest. Two major amino-terminal
sequences were found which began at residues 135 and
184.

Thereafter. in a preparative experiment, 73 mg of
aminoethylated non-immune heavy chains was digested
with Cathepsin B for 33 h After inacuivauon of the
enzymen with jodoacetic acid. the digest was dialvzed
agamst 3 M guanidine-HClL, 0.1 M NaQAc, pH 5.5, and
apphed to a Ultroget AcA 54 column. The resalts of the
gel filtration expertment. shown in FIG. §, indicated the
presence of at least four peptides. When sequenator
analyses of each peptide fraction (peak I-IV. 20-80
nmoi) were performed. only three amuno-terminal se-
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INHIBITION OF AL ALLOTYPE BY Vy

As it 1s known that the al allotvpic determinants resi-
due on V. the putative V y was assaved for al allotype.
As shown m FI1G. 6, the protein peak HI inhibits the
allotypic binding of !=*I(aD)IgG to anu-al antibodies.
This inhibition was one order of magnitude less effec-
tive than intact heavyv chain. The shape of the inhibition
curve of V yis different from the shapes of the inhibition
curves of IgG and heavy chain.

ISOLATION OF AN ACTIVE Vy; FROM
HOMOGENEOUS RABBIT ANTIBODY 3T74

The digestion with Cathepsin B was repeated on
amnoethylated heavy chamn from a homogeneous anti-
S3 pneumococcal polysacchande antibody 3T74. The
resuits of gel filtration of the digest were similar to the
heterogeneous heavy chain digestion except that only
one high molecular weight peak was observed. SDS
urea polyacrylamide geis revealed that peak IV from
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the homogeneous 3T74 heavy chain digestion had a
molecular weight of about 8000 while the protein in
peak III had several bands in the region from 23,500 to
15,000. The contaminant in peak Il with molecular
weight 21,000 represented less than 10 mole percent of
the total protein as determined by densitometry of the
polyacrylamide gel.

The putative V g from peak III was recombined with
3T74 light chain and assayed for 83 binding. In FIG. 7,
the amount of protein required to bind half the antigen
1s compared for the two types of recombinant mole-
cules. The Vy-light chain recombinant was approxi-
mately 21% as active as the heavy chain-light chain
recombinant. However, the binding curve for the V y-
light chain recombinant has a different shape than the
binding curve for the heavy chain-light chain recombi-
nant.

As set forth above, the V ydomain from rabbit at 1gG
can be easily isolated from aminoethylated heavy chamn
following cleavage with Cathepsin B. A single digestion
and gel filtration step are required. In addition, since the
digestion is performed on isolated heavy chain, the
likelihood of contaminating light chain or light chain
fragments is small. The evidence that peak 111 contains
predominantly Vg includes: (1) SDS urea polyacryl-
amide gel electrophoresis reveals that the peptide in
peak IIl was of domain size; (2) automated sequence
analysis followed PCAase digestion revealed a major
sequence beginning at residue 2; (3) the recombinant
molecule consisting of peak III peptide and light chain
(both from a homogeneous antibody) bound antigen,;
and (4) the peptide in peak III inhibited the binding of
anti-al allotypic antibodies to al 1gG.

The structure of rabbit heavy chain and the fragments
produced by digestion with Cathepsin B are schemati-
cally illustrated in FIG. 8, Cathepsin B produced three
major cleavages of aminoethylated heavy chain as evi-
denced by sequenator studies. The desired cleavages
occurred between Cys!34 and Gly!33 in the sequence
-Cys(AE)-Cys(AE)-Gly-Asp-, to provide V. Other
cleavages occurred at the second peptide bond in the
sequences which follow: Ser-Leu-Ser-Ser (residues
183-186) and Tyr-Thr-Met-Gly (residues 348-351).
Although Cathepsin B recognized the sequence consist-
ing of two adjacent aminoethyl-cysteine residues, minor
sequences were found in each fraction, indicating that
additional cleavages occurred. As the two adjacent
aminoethylcysteine residues are located in an inter-
domain region, this site is especially susceptible to
cleavage by Cathepsin B. In addition, the cleavage
within the Cgl domain (at residue 184) which occurs
early in digestion, may result in a conformational
change in the interdomain region between Vy and Cgyl
rendering this site more accessible to cleavage.

As the sequence analysis or PCAase digested Vg
peptide revealed a single major amino-terminus. the
heterogeneity in the size of V yas evidenced by SDS gel
electrophoresis suggests variation in length at the car-
boxy-terminus. This is consistent with the known dicar-
boxy-peptidase activity in Cathepsin B preparations.
The presence of both endopeptidase activity and dicar-
boxypeptidase activity may be the result of the pH at
which the digestion was performed (pH 35.5).

Although Vg binds antigen after recombination with
homologous light chain and inhibits the reaction be-
tween allotype al IgG and anti-al allotypic antibodies, it
does not quantitatively replace heavy chain.

We claim:
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1. The process for producing an immunogenic frag-
ment of rabbit immunoglobulin G antibody which com-
prises the following steps A and/or B and C:

A. isclating a composition rich in light variable chain

by:

a. recovering the light chain from a non-immune
rabbit immunoglobulin G,

b. reducing and alkylating said light chain,

c. acid cleaving said light chain between aspartic
acid at position 109 and proline at posttion 110 of
said chain,

d. purifying said acid cleaved light chain to recover
a fraction rich in a fragment comprising positions
110 to 211,

e. applying said purified fraction to a chromato-
graphic column to effect binding of a subfraction
rich in light constant chain of said rabbit immu-
noglobulin G,

f. cross-linking a portion of said acid cleaved light
chain,

g. administering said cross-linked light chain into
an animal species other than a rabbit,

h. recovering anti-serum from said amimal,

1. applying said anti-serum to said column contain-
ing the light constant chain in order to attach the
anti-light constant chain to said column,

j. eluting said anti-light constant chain from said
column,

k. applying said anti-light constant chain to a sec-
ond chromatographic column,

l. acid cleaving and reducing a portion of said light
chain,

m. reacting the product of step I with p-chloromer-
curibenzoate and applying the product of step m
to the column of step k and recovering a solution
rich in said anti-light vanable chain,

B. isolating a composition rich in heavy vanable
chain by:

a. isolating the heavy chains of non-immune rabbit
immunoglobulin G,

b. amino ethylating said heavy chain,

c. reducing said heavy chain either concomitantly
with said amino ethylation or subsequent to said
amino ethylation,

d. purifying said amino ethylated and reduced
heavy chain,

e. contacting said reduced amino ethylated heavy
chain with activated cathepsin B to cleave the
heavy chain at two adjacent cysteine residues at
positions 133 and 134 on the peptide chain,

f. attaching said heavy chain fragment to a chro-
matographic column,

g. forming antibody to said heavy chain by inject-
ing an animal species other than a rabbit with
said heavy chain and recovering anti-sera from
said animal,

h. passing said anti-sera through said column to
attach the anti-heavy constant fragment to said
column,

.. recovering an eluant rich in anti-heavy varnable
chain fragment;

C. forming an immunoglobulin G fragment having
substantial antibody activity by combining (1) said
recovered anti-light variable chain with the com-
plementary heavy variable chain of said rabbn
immunoglobulin. (2) combining said anti-heavy
variable chain fragment to the complementary
light chain of said rabbit immunoglobulin G or (3)
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combining said anti-light variable fragment with variable fragment with said anti-heavy variable frag-
said anti-heavy varnable fragment. ment. | | Ny |
2. The process of claim 1 comprising steps A and C | 7. AP fmmunoﬁloglcally active comppgntmn COmpris-
only. ing anti-light variable fragment of rabbit immunoglobu-
3. The process of claim 1 comprising steps B and C 5 lin G and anti-heavy variable fragment of immunoglob-
only ulin G prepared by the process of claim 4.
4. The process of claim 1 comprising steps A, B and 8 An fmmunﬂlloglcally active composilion compris-
C | ’ ing anti-light variable fragment of rabbit immunoglobu-

, lin G and the complementary heavy chain of said immu-
5. The process of any one of claims 1, 2, 3 or 4 1 j5010bulin G prepared by the process of claim 2.

wherein the chromatographic column for effecting 9. An immunologically active composition compris-

binding of a subfraction rich in light constant chain of ing anti-heavy variable fragment of rabbit immunoglob-

rabbit immunoglobulin G comprises a polysaccharide. uiin G and the complementary light chain of said immu-
6. The process of claim 3 wherein said immunogiobu- noglobulin G prepared by the process of claim 3.

lin G fragment is formed by combining said anti-light 15 * * & x *
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